There are presented in tabular and graphical form, for the two butanes, the three pentanes, the five hexanes, and the nine heptanes, all in the ideal gaseous state, for the range 298° to 1,000° K, values of the following thermodynamic properties: (a) the standard free energy of isomerization divided by the absolute temperature, AFoIT; and (b) the relative amounts of the several isomers present when at equilibrium with each other. Comparison is made of these calculated values of the equilibrium concentrations with the directly measured values reported by other investigators for equilibria involving (a) the two butanes, (b) two pentanes, and (c) four hexanes.
In this paper there are reported values of the standard free energies of isomerization, and the corresponding equilibrium concentrations, for the two butanes, the three pentanes, the five h exanes, and the nine heptanes, all in the ideal gaseous state, for the range 298° to 1,000° K. These values have been calculated in the following way:
There are given in papers already published, values of the heat of isomerization at 0° K, !.l.Fo, for the normal paraffin to the branchedchain isomer [10, 11, 9] , and values of the free-energy function, (F°-Fo)/T, for each isomer [81.3 For the isomerization of the normal paraffin to the isoparaffin (normal and iso being indicated by the italic letters nand i, respectively), n-GaHb (gas)=i-GaHb (gas),
!.l.Fo is the standard free-energy change at a given temperature, with each component in its ideal standard state of unit fugacity, and (4) where K is the equilibrium constant, as defined by Lewis and Randall [4] . Then
For the isomerization reaction as given by eq 1, and, for low pressures, where j represents the fugacity (see [4] ) and p the partial pressure.
II. RESULTS IN TABULAR AND GRAPHICAL FORM
(5)
The thermodynamic quantities calculated in this way from the data referred to are given in table 1. 'fhe first two columns give the temperature in centigrade and Kelvin degrees, respectively, with the former rounded off in reference to the latter, the difference being not at all significant here. The succeeding columns give for each isomer of the butanes, pentanes, hexanes, and heptanes, respectively, ' values of the following thermodynamic properties: t:.Fo /T, which is the standard free-energy change divided by the absolute temperature, for the reaction of isomerization in the gas phase, as expressed by eq 1; K, which is the equilibrium constant, defined by eq 4 and 6, for the reaction expressed by eq 1; and N, which is the mole fraction of the given isomer present when at equilibrium with all of its other isomers. Strictly, the value of N so calculated is applicable only in the range from zero pressure up to that pressure at which the ratio of fugacity to pressure is still not significantly different for the several isomers. Within this range of pressure, the value of K in table 1 gives directly the ratio of the amount of the given isomer to the amount of the normal isomer in equilibrium with it in the gas -phase. For any two other isomers, the ratio of the corresponding values of K in table 1 gives the ratio of the amounts of those two isomers present when at equilibrium in the gas phase with one another. 
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. The scale of ordinates gives the value of !>.FoIT, in cal/deg mole, for the isomerization, n-CoH" (gas)= i-CIR" (gas). The scale of abscissas gives the temperature in degrees Kelvin.
From these charts one may see at a glance, for any temperature in the given range and within the limits of uncertainty of the present calculations, which of the isomers is thermodynamically the most The scale of ordinates gives the value of !J.FoIT, in cal/deg mole, for the isomerization, n-C,H" (gas) =i-C,H" (gas). The scale of abscissas gives the temperature in degrees Kelvin.
In figures 5, 6, 7, and 8 are plotted, as a function of the temperature, for the butanes, pentanes, hexanes, and heptanes, respectively, the amounts, in mole fraction, of each of the isomers present when at equilibrium with all its other isomers in the gas phase, as given in table 1. The vertical width of each band gives the mole fraction for that isomer at the selected temperature. The mole fractions of the several isomers are plotted additively, so that their sum is unity at all temperatures. For example, figure 8 shows how, within the limits of uncertainty previously given, 1 mole of C 7 H 16 molecules distribute themselves among the nine isomeric forms of h eptane at thermodynamic equilibrium in the gas phase from 260° to 1060° K , for those pressures wh ere the ratio of fugacity to pressure is substantially the same for the given isomers.
III. COMPARISON WITH DIRECT MEASUREMENTS OF EQUILIBRIA
In figure 9 are compared the available data on the direct determination of the concentrations of n-butane and isobutane present :' §
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5.-Equilibrium concentrations of the butanes.
The scale of ordinates measures the amount in mole fraction, and the scnle of abscissas gives the tempera· ture in degrees Kelvin and degrees centigrade. The vertical width of a band at B given temperature meas· ures the mole fraction of the given isomer present when at equilibrium with all of its other isomers, in the gas phase. The scale of ordinates measures the amount in mole fraction, and the scale of abscissas gives the tempera' ture in degrees Kelvin and degrees centigrade. The vertical width of a band at a given temperature meas· ures the mole fraction of the given isomer present when at equilibrium with all of its other isomers, in the gas phase.
the observed values were corrected to the gas phase. The solid line in figure 9 represents the amount of n-butane in an equilibrium mixture of the two butanes, as derived from the values in The scale of ordinates measures the amount in mole fraction, and the scale of abscissas gives the tempera· ture in degrees Kelvin and degrees centigrade. The vertical width of a band at a given temperature measures the mole fraction of the given isomer present when at equilibrium with all of its other isomers, in the gas phase.
to yield the estimated uncertainty [12] . It may be seen from figure  9 that the direct determinations of the equilibrium concentrations are almost, but not quite, in accord with the values derived from .6 "'_~_7
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-Comparison of the calculated and observed values of the concentrations for the equilibrium, n-butane (gas) =isobutane (gas).
The scale of ordinates gives the mole fraction of n-butane (gas) at equilibrium with isobutane (gas) The scale of ordinates gives the mole fraction of n-butane (gas) at equilibrium with isobutane (gas.) The scale of abscissas gives the temperature in degrees Kelvin. See text and table 2 for explanation.
Only for the butanes are sufficiently precise data from all three sources available, and in table 2 are presented the three sets of values so calculated for the butanes. Figure 10 shows the three sets of
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values of the equilibrium concentrations, together with the experimentally determined values as given in figure 9 . As in figure 9 , the dashed lines in figure 10 represent the limits of uncertainty of the values represented by curve 1. The experimentally observed values of the equilibrium concentrations are obviously in best accord with eurves II and III, since they were used to establish the location of these curves. The three sets of values are almost, but not quite, in accord within their respective limits of uncertainty. New and more accurate determinations of the heat of isomerization, or of the entropy of isomerization, or of the actual equilibrium concentrations, will make possible the selection of a final "best" set of values for the isomerization of the butanes, [See text and figure 10 for explanation.] In figure 11 are compared the available data on the direct determination of the concentrations of n-pentane and 2-methylbutane present in an equilibrium mixture of the two, as reported by Montgomery, figure 3 , the equilibrium concentrations for the gaseous state at 80 0 C may be calculated. These values may be converted to the liquid state, utilizing values of the ratios of the vapor pressures of the pure components at this temperature and assuming that the partial pressure of a given component in the liquid mixture is equal to its mole fraction times its vapor pressure in the pure state. The results of a comparison of the calculated and observed concentrations are shown in table 3. Within the respective limits of uncertainty, the observed and calculated values are in accord. (1. 57) I
• The values in parentheses above and below the calculated values indicate, respectively, the estimated upper and lower limits of uncertainty.
